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SUMMARY

based on two-dimensional-flow theory
has been investigated in a research program to establish correlation
between flow theory and impeller performance. The simplifying
assumptions of an infinite number of blades and an incompressible
fluid were made for this impeller design. The blade shape was
determined by imposing a predetermined vortex distribution that
was chosen to relieve the loading in the critical regions of the
impeller passage. The performance of the impeller was experimentally
obtained in a variable-component test unit in conjunction with a
vaneless diffuser of NACA design. An analysis of flow character-
istics in the compressor, using static-pressure experimental data
and the assumption of an infinite number of blades, indicated that
the peak impeller efficiency was high and that the low over-all
efficiency could be largely attributed to losses in the vaneless
diffuser. The entrance section of the impeller and the passage
in the region of the impeller-blade tip operated ineffectively
even at the yoint of peak over-all efficiency. The entrance 10SS,
which became very large at high flow, was the principal factor 7

determining the form of the compressor-performance curve. The
method developed for determining coqmessor performance fxom
static-pressure measmwments is limited to radial-inlet-type tipellers
in which flow is essentially two dimensional.

INTROIIJCTIOJ!T

.

One of the principal obstacles In the development of efficient
, centrifugal compressors has been the lack of a smnd mathematical

basis for the design of the impeller and the analysis of impeller-
Channel flow. Adverse pressure gradients are generally recognized

. .
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as producing flow separation in the Impeller pasaage, which results
in large losses. No raethodexists by which these adverse pressure
gradients can be predetermined and cor.tiwlledunder conditions of
three-dimensional flow, such as exists in the passages of
centrifugal impellers. Furthermore, the determination of
mu?es existing in the passages of modem centrifugal-type
would require extremely difficult instrumentation,and no
pressure surveys in such passages have been obtained.

con~entional
actual prei3-
i.mpellers
comprehendive

In a research program to establish correlation between flow
theory and Impeller perfommnce, a two-dirne~ional radial-i@et

-.

impeller was selected as a first approach. This type of impeller
.-.—

allowed a performance analysts based on readily obtainable measure-
ments and the use of existing flow theory. Methods have been presented
(references 1 and 2) for the study of two-dimensional flow by use of
conformal transformation. The method of conformal transformation
presented in reference 2 cam ho directly applied to Impeller design
and has the advantage ofibeing .ayplicableto a wida range ofisign
assumptions. This method was used in the design of the research
impeller.

The Impeller was”designed by using the sfmplest concept~ of two-
dimensional flow: an infinite number o~’blades and an Incompressible
fluid. This procedure permitted the tentative establishment“ofthe
limitations of the Inffnite-bladetheory as a basis for impeller
desTgn. The impeller-blade shape was determined by imposing a
y?edetermined vortex distribution that was chosen to relieve the
loading in the critical regions of the tipeller Passage. This choice
of vortex distribution was arbitrary emd e~erimental verification
will be required for the choice of the optinmm distribution.

The performance of a comp~e3sor composed of the radial-inlet
Impeller and a vaneless diffuser was investigatedusing data
obtained in a variable-component test setup. In addition to the
standard over-all compressor-performanceratings, the character-
istics oi’flow in the impeller and diffuser passagea were deter-
mined. This analysis of flow, which was be.sedon readily available
static-pressuremeasurements, was possible because of the two-
dimensional nature of the flow through the ‘impeller. This experi-
mental determination of performance using static-pressure data was
a valuable phase of the developnmnt program because it indicated
required modifications to the basic design theory. Inasmuch as
the program was essentially an impeller investlgationjthe diffuser -
performance was not extensively Investigated.
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DWELLER DESIGN

The design of the impeller-blade shape

3

.

followed the method
suggested in reference 2 in which infinitesimal portions of the
blades are replaced by vortices that are periodically distributed
on a circle. This vortex strength follows a prescribed distribu-
tion that is sumued up along the radius to determine the blade
shape. This initial radial-inlet impeller was designed to reduce
the loading in the entrance and exit regions of the impeller by ~h6-
choice of a semielliptical graph of vortex distribution against
radius; that is, the vortex distribution at design flow is zero at
the entrance and the discharge ttp of the blade. The details of
the blade shape calculated by this method are given in appendix A.

Based on these considerations, the 18-blade radial-inlet
impeller shown in figure 1 was co,gstructedby the NACA. Because
the blades are mnradial at most points in the impeXLer, they-tie-”-
subject to a blade-bending stress under the action of centrifugal
force. The blade stresses were analytically investigated and the
blade cross section chosen was ?Be that would give reasonable
blade stresses under the impeller operating conditions.

The radial-inlet impeller differs from conventional impllers
in that the velocity of the air,at the impeller entrance is radial.
Inasmuch as an axial inlet pipe was used, this radial velocity was
provided by a flared section that changed the direction of flow
from an axial to a radial direction. A mock-up of the inlet sec-
tion was made to investigate the velocity distribution at a
station corresponding to the entrance edges of the blades. The
velocity variation across this station over an air-flow range
comparable with that encountered in compressor tests is shown in
figure 2 in terms of V/Vav, the ratio of the local air velocity
to the average air velocity at the station. These inlet mock-up
studies indicated that the entrance velocity distribution was
satisfactory for the full range of compressor air flow.

EXPERIMENTAL SETUP

The radial-inlet impeller was initially investigated in a
variable-component test setup aimi~ to the one described in
reference 3. The impeller was tested with a 34-inch vaneless
diffuser of NACA design that has a passage-area divergence equiv-
alent to a cone with an apex angle of 60 and lying along the ideal
logarithmic spiral flow path for design flow. This type ofdif-
fuser gives a flat performance curve.
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The location of standard instruments
instrumentationwere those recommended M
the inlet measuri~ station was 4 instead
the 3mpeller-inletplane, ~ EdditiOIltO

NACA TN Nm, I-214

and the QlWCiSiQ12of
reference 4, except that
of 2 Flpe dXameters from
the 81x3.ndardinslnx.mnn-

tatlon~ etatic-prea&re taps were installed &long the im>ller
stationary frent shroud and the frout and rear cliffu@er walls. The
acctrc~cyof static-pressure Gurvey remdings was ~0.@5 inch of
mercury.

The Impeller was operated in accordance with the procedures of
reference 4 at actual tip speeds fmm 800 to 1300 feet per aecond,
At Gach speed.,“theflow was varied from wide-open throttle bo the
incipient m.rge point of the unit. TMet atr
from the test cell.;the inl,et-alrtem~rat~+e
E13°F during the investigation. A compressor
tern was made at the peak efficiency poti.tat
of 1200 feet per Gecond,

.

-a

..

was inducted directly
varied from 76° to
lampblack flow Pati-
an actual tip epeod

RESUGTS AND DISCUSSION

Perfommnce CharfictwiaticsBased on Standard

Over-all Meammement9

The over-all c6mjressor characteristics (adiabatic effl-
cio.ncy qad; total-pressure ratio pt,2/pt,l; corrected volume

flow Q*,l/fi, and corrected tip speed u/~) were calculated
according to the standard procedures of referenr%s 4 and ~.
Details of tho calculated par~oter~ and the defined symbols are
gtvenin appendix B,

The over-all total-presmre-ratio chrzcteristlcs of the
radial-inlet impeller tested with the vaneless diffuser are shown
illfig’uz?e3 for corrected tip speeds fr~ 782 to 1279 feet pr
second, Contour plots of adiabatic efflcia.ncyare superim~osed
on the total-pressure-ratiocurves. Because of the large losses
in the veneless Uffuser, peak over-all efficiencies for the cc9n-
~leto assembly of impeller, diffuser, and collector were rathe~’
low, varyimg from 0.705 at”a correct~d tip npeod
second to 0.625 at Q corre@ed ttp speed of 1279

of782feet per
feet per aeccmd.

.
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Performance

5

Characteristics Based on

Static-Pressure Measuren@nts

The variailon in static presauw through the impeller and the
diffuser provides an initial.indication of the location and rela-
tive magnitude of losses in the compressor. On the basis of these
static-pressure valuee plus calculated kinetic-energy values, an
analysis of the flow characteristics in the compressor ~ay be m~.de.
This analysis is made for the peak-efficiency-flow point over a
range of tip s~eds and for a range of flows at an .actml tip speed _
of 800 feet per second. Details of the method of calculating com-
pressor parfomance using static-pressure dataqre ~iven in
appendix B.

Static-pressure variation. - The variation in static pressure
thro~-the impeller and the diffuser is shown in figure 4 for me.x-
imum, minfmwn, and one intermediate air flow and for tbe flow at
peak over-all efficiency at actual tip speeds of 800, 1000, and
1200 feet per second. These static-pressure yrofiles are shown as
a ratio of the local static pressme ps to tbe inlet-pipe static
pressure ps,l. I?oroperation at other than the design flow, the
condition existL~ at the entrance section of the impeller is the
principal factor determf.ngthe static-prassu& profile and the
operation of the impeller. Under conditions where’an extreme
angle of attack exists at the entrance edge of ihe impeller blade,
a loss in static pressure 0CCLU2Sin the region of the im~ller
entrance. This primary pressure loss, which is never recovered, “-
results in a secondary loss because it Is multiplied by the pres-
sure ratio through the impeller, The pr:rnaq loss may be considered
to be analogous to a pressure drop in improperly desi&ned inlet
elbows of a supercharger installation.

Peak-efficiency operation.—. - The radial distribution of the
addition of energy was analyzed for the flow points of peak over-
all efficiency by determining useful and total work of ccmpeyession ““
by means of the static-pressure calculation method-of &ppendix B.
The curves of the useful work of compression based on the assu@-
tiOn that air follows the curvature of the im~eller channel Ead,c
and the total work of compression based on the same assumptim Hc
for tbe peak-efficiency points at actual tip speds of 800, 1000,
and 1200 feet per second (fig. 5), which have a marked similarity
over the tip-speed range,
the system. The iocation

show the rate of addition of energy in
and the magnitude of the &.ncipal los8es

—
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can be esttmated from the relattve slopes of’ ~ and ~d,c. In
the impeller, the main losses oooux in the entranoe section and in
the region of the impeller tip. EIhe pmtion of the work done in
these ineffective regions is, however, reduced because of the
reduction of loading remlting fra the vortex distribution used
in the design,

The losses in the difflser aro large at all speeds, as lndl-
cated by the drop in Had,c from the impeller tip to the diffuser
dlschexge. No extensive study was made of the losses in the dif-
fuser because the program wae basically an impeller investigation,
but a large pert of the losses appar~tly occurred near the irmr
radius. A lampblack flow pattern obtained at the peak-efficiency
point for a tip speed of 1200 feet per second showed no e’vidence
of separation on the diffuser surfaces,

The local-operating-efficiencyterm qz, as developed in

appendix B, gives an indication of the efficiency at which each
portion of the impeller is oyerating. Curves of this local
operating efficiency-for the pea&effi.ciency points at actual tip
speeds of S00, 1000, and IzCX)feet per second (fig. 6) substmtiate
the conclusion that the entrance section a the impeller operates
ineffectively. As discussed in appendix B, this low efficie.my
may represent either a direct pressure lostior a partly recoverable
potential loss. In either case, however, the operation in the
entrance yortion of the impeller departs appreciably from ideal
conditions, The local operating efficiency increases with radius
until in the region between the 4.5- and the 6-inch radius the
impeller operates at an efficiency approaching 1.00. lkyofi the
6-inch,radius, the efficiency falls off to a value of approxi-
mately 0.65 at the ~-inch radius. This a~ent drop in effi-
ciency may be due to an @evaluation of the kinetic energy,
whi.~h.1s Possibly the result of a separation caused by the ye- ..

ceding sharp bend in the impeller passage.

The magnitude of the various losses -d the effect of tip
speed on efficienoyare shown in figure 7. “Thecalculated”-vahxea
for the peak adlabatlc coqmessor efficiency qad,~ from the
impeller entrance to the ~peller tip and to the diffuser f3Xi.t-tU33

shcwn with the over-all leak efficiency ~ad based on the st@-
ard analysts of references 4 and 5. The peek Impeller efficiency
3.shigh, ranging fr~ 0.90 to 0,86 over the tip-speed ran&e from
800 to 1300 feet per secmi.. The drop In efficiency through tho
diffuser is large> with the drop increasing at higher tip speeds

.

.

.
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to a maximum of 20 points at 1300 feet per second. The drop in
efficiency resulting from losses in the collector and In the inlet
and outlet pipes was relatively small and the drop remained very
nearly constant throughout the speed range.

The determination of ~ and ~ ~ Is dependent on the
assumption that air follows the curvatu&e of the channel. Althou@
this assumption provides a method of al~Jzing the flow in-the -
impeller, it results in an overvaluation of both ~ and ~d ~.
A more precise evaluation of the tangential velocity of the a~ at
the discharge tip and of the work of compression of the’entire
impeller may be made ushg the measured value”of total temperature
In the outlet pipe of the -Laggedinstallation. An adiabatic effi-
ciency teZ’LllTad,oj using these values of tangential air velocity
at the discharge tip and the tctal work or compression of the
impeller, may be determined by a static-pressure anslysis method.
similar to that developed in ap~ndlx B for determini~ the energy
terms. This analysis, although it cannot,be applied to stations
within the impeller, provides a measure of compressor performance
at the impeller discharge tip. The efficiency of compression from
the impeller entrance to the impeller tip determined by the static--
pressure analysis using outlet-pipe total temperature measure-
ments %d, O shows close agreement with that determined in the
analysis in which air is assumed to follow the curvature of the
char&el qa~,c (fig. 7).

Operation over flow range. - Operation of the compressor unit
over the full flow range was analyzed at a tip speed.of 800 feet
per second. The’variation in ~ and ~d,c for selected
operating points (including meximurnand minimum flow) is shown in
figure 8. .—

At the ideel flow, the relative direction of the air is
parallel to a tangent to the impeller blade at entrance. Calcula-
tions for flows greater than this value show an instantaneous drop
in EC across the blade entrance (fig. 8(a) at the maximum flow
of 4030 cu ft/min) resulting from the assumption that the.air-flow
direction chamges instantaneously to follow the impeiler-blade -
curvature. In other words, relative to the rotating impeller, the
tangential velocity of the air increases instantaneously at the
impeller entrance, which by equation (2) in appendix B results in
a negative vaiue of Hc. The inlet tips of the impeller are actiw ‘
as a turbine under these conditions.
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The St8tiG pressure (fig, 4(a)) ~ theref~e the ~ef~ ~rk
in~ut (fig. El(a))drop off Wadually rather than instentaneouely,
however, because the air does not make the o-e in direoticxn
instantaneously,as assmed in tke calculatlcm, This pressure
loss, whioh is due to the etieme angle of attack at the entrance
edge of the impeller blade, is essentially a throttling 10SsO

Inasmuch as the assumption that air $O11OWS the impeller
blades is invalid under the extreme operating conditions at the
maximum-flow point, the enalysis is useful only in indicating
trends at these large flows, For exemple, KC appears to be less
than Had,~ (an tipossible condition) because the air does not
instantaneously change direction to follow the chemnel ourvature,
The indicatetilIH’0&Sf3h ~d,~ in the diffuser is probably the

result of inaccurate static-pr&ure readin@ in the turbulent
region of’ the Wpeller tip. The calculation at the maximum-flow
point definitely shows, however, that the pressure drop at the
impeller entrance, which is never recovered, is the Pr~ciPal
determining factior,ofthe low efficiency of the unit at high load
coefficients.

The same general chzumcteristicsere evident at the lower
flow of 3546 cubic feet per minute (fig. 8(b)), although tho IIIag-
nitude of the throttling action across the impeller entrance is
smaller for this flow and does not extend aver eo large a portion
of the tmpeller, Here again, efficient pressure conversion begins
at a point well within the impeller.

At the peak-efficiency point (fig. 5(a)), “noauoh loss ocours
in the entranoe section of the impeller. The principal det~~~%!
f~ctor of the efficiency of operation of the unit therefore seems
to be the condition across the tipeller entrance. The c-es for
the minimum-flow of 1448 cubic feet per minute (fig, 8(o)) have thO
HCUM general characteristicsas those for the peak-efficiency point
(f%. 5(a)), although the over-all efficiency of’operation is
sllghtly less,

A plot of the characteristic efficiencies over t~ flow r=e
at”~ actual tip s~eed of 800 feet per secand is shown in figme 9.
The drop in efficiency through the diffuser is nearly constant over
the principal portion of the flow range;.whereas, the ~03? ~ effi-
ciency through the ytpes and in the collector increases with an
inorease in flow. The efficiency from the impeller entrance to the
impeller tip determined from a static-pressureanalysis based ~
total-temperaturemeasurements ti the outlet Pi??e ~ad,o t~ also

shown in figure 9. A close correlation between the two methods of
static-pressure analysis is again indicated..

.—
.
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Hydraulic-Efficlency

The hydraulic efficiency qh,

9

Char3cteristict3

as defined in appendix B, rep-
resents the degree to WliichtLe ‘&B@n condition that air followed
the impeller-channel curvature was a~proached. The hydraulic “efF~-
ciency for the radial-inlat ~peller at an actual tip spee~ of -
800 feet per second (fig. 10) shows that the impeller perfomanc”e
approached but did not attain tile performsnca for W. impeller-with
an infinite number of blades. The d.esign~thofi based-on an infi-
nite number of blades therefore was not entirely valld. No appfe~
ciable variation in the hydraulic efficiency over the tip-speed
range was indicated. — —

The hydraulic-efficiency characteristic for a conventional,
ra,dial-bladedimyeller is presented in figure 10 for comparison
with the hydraul+.cefficiency of the radial-inlet impeller. The
curves show a marked similarity in trend and magnitude mnd indicate
thet, in the radial-inlet impeller, tinedevtation of the air from
tmgency with the impeller blade at discharge is comparable with
that of conventional radial-bladed impllers.

SUMMARY OF RESULTS

From an Investigation of a compressor unit com~>osedof a
radial-inlet impeller and a vaneless diffuser by &tandard perform-
ante tests and by an agalysis based on static-pressure measurements)
the following results were obtained:

1. The over-all efficiency of the compressor was low; peak
values varied frcm 0.705 at a corrected tip speed of 782 feet per
second tc 0.625 at a tip speed of 12”(9feet per second. This 10W
efficiency can be largely attributed to high losses in the 34-inch
vaneless diffuser.

2. The static-pressure investigation for the peak-efficiency
points shows that the entrance secti,onof the impeller and the
passa&e ‘inthe regton of the impeller tip operated ineffectively
and the section of the impeller from 4.5- to 6.O-inch radius
operated at an efftci.encyapproaching 1.00. This low operating
efi’iciencyin the entrance .@ disclw.rgeregions,of the tipell.er
represents either direct preseure losses or a channel that is not
flowing full, either of which is detrimental to good impeller
operation. The portion of the work done in these Ineffective
re~ions is, however, reduced because of reduction @ loading
resulting from the vortex d5stri-Dutionfor this initial design.

—
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The impeller efficiency detez?.ninedat the impeller discharge
tip is therefore high, ranging from 0.90 at an actual tip speed of
800 feet per second to 0.86 at 1300 feet per second.

3. The impeller has Inherently critical entrance ccmlitione,
which Induce a drop in statio and total pressure b the entrance
section of the impeller passage for flows gm”ater than th&t at the
design point.. This entrance loss, which becomes very large at the
maximum flow point, is never recovered and is the pri~~ci~~ldeter-
mining factor of tho form of the compressor perfo-”nce curve,

.-.
.

Aircraft Engine Research Laboratory,
National Advisory Committee for Aeronautics,

Cleveland, Ohio, Ootober 16, 1946.
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APPENDIX A

CALCULATION OF IMPELLER-BIAJXISKAPE

The impeller-blade shape is determined by the method e~ested
in reference 2, tn which infinitesimal portions of the blades are
reylaced by vortices that are periodically distributed on a circle.
The velocities ~roduced by the summat~on of these vortices are
Qven by the following relations Tresented in reference 2 (the
notation of reference 2 has been maintained):

where

polar coordinates used to describe flow

polar coordinates used to describe blade shape

temgential component of air velocity

number of blades

radius at entrance of impeller blades

vortex strength

.-

— -.=
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R re.diusof circle on which vorticss are di~tributed

rtl rudius at iiisc~ge tip of impeller bllados

Vr rad.talcomponent of air velocity

A solution can be obtained for an iqeller with a
of blades by making a summation of these equations for
and t~ential velocities. With the simple h~thests

finite number
the radial
of an i.nfi-

mite number of.bladee, however, the radial mmponent of velocity
vanishes and the tsngenti.al-velocttyequation becomes

The relation lmtween =~ am.d dR is detomrhed by the aammed
vortex diatributlon. For an Lnfinlte number of blade~ tinerelative
path of the fluid ie coincident with the blade shape and the e!Lua-
tion of reference 1 may be exyreused as

*,1’.or
tanti= ——..e.

where

& angle of blade with

d angular velocity of

The shape of the impeller

‘r

respect to radius

impeller

blade can theu be found by intograti.on:

Jri ‘

The blade ehape calculated by this method i= shown in figure 11.

l’hoadditional assumption of an incompressible fluid and a
constant radial velocity were made for this desi@. The impollor-
blade height was calculated to @ve this constant radial velocity
for m incompressibleflow.

.

.

*

—
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mmrmrx B

CALWLNI!ION OF PERFORMANCE

symbols

The following s~bols are used in the determination of compres-
sor performance:

A

CP

g

H

Had

%

Had,~

J

k=

P

Q

r

total annular area of tipeller passage at giveznradius~
Sq ft -.

specific heat of normal air at constant pressure,
Btu/(lb)(%) (0,243)

acceleration of gravity, ft/sec2 (32.174)

total work of compression determined from inlet- and outlet-
pipe measurements; increase in enthalpy per unit mass,
ft-lb/lb mass

useful work of compression determined frc?ninlet- and outlet-
pipe measurements; isentropic increase in total e.nthalpy
pGr unit mass for given pressure rise, ft-lb/lb mass

total work of compression baaed on assumption that all air
follows curvature of channel; increase in total enthalpy
per unit mass, ft-lb/lb mass

useful work of compression based on assumption that air
follows curvature of channel; isentropic increase in
total enthalpy per unit mass for given pressure rise, .
ft-lb/lb mass

mechanical equivalent of heat, ft-lb/Btu (778)

pressure, lb/sq ft absolute

volume flow rate, cu ft/min

compressor radius, ft
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absolute temperature, ‘?E-

impeller tip speed, ft/sec

absolute velocity of air, ft/sec

velocity of air relative to impeller, ft/sec

weight flow ratel lb/see

projected angle of lUe~J, flow line %flthrespect to plane
nomal to axis of impeller rotation, deg

true anglo of mean flow line with resyect to plane normal
to axia, deg (tan-l ccm c tan n; vbctor dj.agramof rele-
tion6 shown illfig. 12)

ratio of specific heats for normal ail’(1,3947)

angle of blade with respect-to radfuql.?9G

hi over-all adiabatic efficiency determined from inlet- and
outlet-pipe ineasuremnts‘

~ad,c adiabatic Compressor eff:lclonoybased on assumpblon thak
air follows curvature of channel

~1 local operating efficiency

Th hydraulic efficiency

e ratio of actual inlet et~tion temyoraturo to standard
sea-level temperature, 51.8.4

P density, lb/cu ft

T cpplied torque, ft-lb

d angular veloolty of i.myeller,radizuls~sec

The subscripts denote the following:

1 condition at measuring station in inlet pipe

2 condition at measuring Gtation in outlet pipe

.

.

.

.
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3 condition at entrame to impeller blades

a axial component

1“ radial component

B static, or true, stream value

t total, or stagnation, value

e tangential component

PerfomOance Characteristics Based on Standard

Over-all Measurements

The over-all compressor characteristics were calculated in
accordance with the standard proce-duresof references 4 and 5.
Calculated parameters included over-all adiabatic effi-
ciency Tad = %d/H) tota~-presgure ratio %. 2/Pt.12 ~ol~e _—
flow correcteC

corrected tip

to standard sea-level cond&tj.on& Qt;l/@, -
speed U/@.

Perfonmnce Characteristics Based on

Static-pressure Measurements

The determination of ccznpressorflow characteristics was
based on static-presswe measmaents. In the impeller, the
kinetic energy was calculated from mass flowby usinfjstatic-
pressure measurements and assuming full flow in the tiyeller
chfUXLOl. TkO efficiency of operation thus determined throughout
the impeller channel indicntes the degree to which impeller per-
fol~~Lc8 approaches the design contition md indicates the ro@-ons
of the impellel*that should be tnodtiiedfor improved perfomanco.
This method of experlment~l analy~i~ is limited to impel.lerain
which flow is ossexxbiallytwo dimensional.

The diffuser flow c~racteristics werG &ote”jminedin a manner
similar to that used in the impeller. ‘IT@kinetic energy in the
diffuser was calculated fr~ mass flow and COnSar~tIon of axyylar
momentum by Us-ingstatic-pressuremeas~ments md ass~ing full
flow in the diffuser channel.
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.
EnerR&tezmw. - !lhesmd.ysi.EIof the perfo.rmaruseof a radial-.—

+nlet~~elle~ is m@e on the busia of’statilcr-pressuremoa8Urelllen%

m.d fundamental physical relations. A basic assumption, $mtlfied
by the design assumption of an Infinite nugber of blades, iB medo
that flow follows the blade and fills the passage. Tne ave<age
state of the air at any paint in the nystem is determined by the
front-shroud static-pressuremeasurem=ts, Rernoullirs eq,~ttonf~r
compremible flow, and the continuity equation. Although the front
shroud is.a curvilinear surface, a basic assumption of no axial
variatl.onin pressure at a given radial station can reasonably be
a&o@ed.. —

The energy terms Hc and Ead,~ rofela*edto the state Pofnt

at the impeller entranco were dete~’minedfor tho mrious compressor
ntationsj by u~e of the ~recedi~ relations. The dorivatfon d’ the
oauationi for calculating these

The energy at the tipeller

7 %,3
(Y - 1) P~,3

emrgy toz,msis as follows:

entrai~ceis

.

The energy added by the impeller is

L@Ve
Ec =Tw=— . ~ (wr - Ve)

Is

The energy at any point in the impeller is

@! . Vrz -+-& + (or - T$)2

When the energy lmrm of oquatj,ons(1)
with equation (3)

and (2) am equated.

(1)

(2)

(4)
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From cent inuity of flow

v= w k—— =—
p~ A GOR ~ COS c p~

The following quadratia expression.in terms
by oombin.fngequations (4) and (5):

from

and,

of

The total pressure is then determined from the

By the adia3atic relation,
.

when substituted in equation (7), equation (S]

!lZbeuseful

isentropic

17

(5)

Ps is evolved

=0 (t%)

Is determined

relation

(7)

(8)

gives

(9)

work input to the air ~d,c iS calculated aS thf3

increcme in total enthalpy per povnd of’air.
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(lo)

The total work input por pound of air, when no yrerotatlon of the
air is assumed, i.sgiven by equation (2).

In a similar manner, the value of Hud ~ at any point in the
diffuser presage can bo detezmtned, The to~al.work inyut Hc {it
any point fi the d.iff’useris taken as that at the im~eller tip.

Adiabatic &mpressor efficienc~. - The adiabatic compressor
OfficiencY 7ad,c was determined %y using-Gslculated energy values.

This term is the ratio of the useful work to the total work input,
with the chenge of state measured from the impeller entr~ce to tho
particular compressor station:

%d, c
?~d,~= Hc

●

Local oyerating effioiencryin impeller. - In order to obta~ an .

indication of the efficie~at wkick each portion of the impeller
was operating and to locate the sources of losses in the impellel’,
the local operating efficiency ql was expressed as

This local-efficiencypznmmeter is the ratio of the rate of addition
of useful.work to the rate of work Input. This parameter was deter-
mined by gra~hical methods from the values of ~ and ~d)c cal-

—

culated by equations (2) and (10), respectively.

As a result of the assumption of full channel flow, however,
regions of low local efficiency m~y ~t necessarily mean direct
10ss0s in total pressure; that is, in the evenlrthat the channel
does not flow full md that a ~~1,1 rggion of high velocity oxi.atFJ
in the Impeller passage, the calculated kinetic eneilgy emd ‘bhore-
fore the efficiency will be lower than the actual value, even
tho~h no real 10SS in tots]. energy at the poilLtof mw~ur~~t
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necessarily occurs. Subsequent losses (potential losses) occur,
hcwever, in the corrrersionof this extra kinetic energy to pressure
because of the resulting turbulence in the stream; therefore, even
though low local tif’iciencl.eamay mean either direct losses or
potential losses in energy, they indicate tileregion of and the
approximate magnitude of the departure from de~ign performance.

Hydraulic Efficiency

The hydraulic efficiency qh for the impeller was defined-a~ ~
t-heratio of the actual work input to the work input that would
exist under the deeign assumptions of full channel flow and that”
the air followed the curveture of the channel

This tezm Is comparable with the slip factor of a conventiml
radial-bladed tipeller but Mses into account the backward elope
of the blades at the discharge tip, Hydraulic
sents the degree to which the design condition
the impeller-channel curvature was approached.
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Figure 1. - Radial-inlet Impeller.
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NACA TN No. 1214 Fig. 2
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Figure 2. - Velocity profile across impel ier-blade entrance section
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Fig. 5 NACA TN NO. 1214
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